A uniform set of geomagnetic data from observatories has been analysed to determine secular variation of the geomagnetic field for the interval 1942.5 to 1962.5 and to reveal any changes in secular variation during this time. The epoch to epoch changes are much smoother than have been previously found, and permit an examination of the movements of the centred and eccentric dipoles and changes in westward drift. The secular variation has also been used to determine surface motions of the Earth's core. Changes in secular variation are presented in the form of charts of secular acceleration.
Introduction
Worldwide secular variation and its changes with time (secular acceleration) are of importance because of the light they shed on processes inside the Earth and also to reduce to a common epoch data having a spatial and temporal distribution, for the preparation of world magnetic charts. In the present analysis models of secular variation are deduced for the intervals 1942.5 to 1947.5, 1947.5 to 1952.5, 1952.5 to 1957.5 and 1957.5 to 1962.5 . Each of the four models was derived using the same method and the same set of data points in order to make differences between the models as realistic as possible.
The data used in the analysis were based on annual mean values from permanent magnetic observatories. Annual mean values are free from the effects of short period variations and contain very little random error of observation. Although systematic errors may still be present, providing that these do not change with time, they do not affect secular variation which may be reliably estimated by differencing successive annual means. It is possible that an observatory is on a local anomaly and Cain (1967) has shown that a large local anomaly may affect the secular variation estimate as well as the main field. However, in general, the effect is so small that changes in the annual mean values reflect real changes in the main field.
The 1 1-year sunspot cycle produces an effect on the geomagnetic field, particularly the horizontal component, which is superimposed on the longer term changes. This phenomenon has been investigated by Yukatake (1965) , who concludes that the sunspot cycle will have a negligible effect on analyses of the rate of change of the geomagnetic field and that most of the sunspot cycle effect is of external origin.
From a plot against time of secular variation from neighbouring observatories, it is clear that changes in secular variation are highly correlated, indicating that secular acceleration is neither a very local phenomenon nor a spurious one, such as might be caused by instrumental changes.
To interpolate worldwide values from the discrete set of points formed by observatories, spherical harmonic coefficients may be deduced. Secondary measurements of secular variation at repeat stations or from successive surveys confirm that values synthesized from the spherical harmonic coefficients in areas remote from an observatory are realistic.
Data
Observatory annual mean values of X, Y and 2, respectively the north, east and vertically downward components of the geomagnetic field, were taken from the list compiled at the Royal Greenwich Observatory (1967) . These data are thought to be the best available since great care was taken to compare the values with those in earlier thesauri and with observatory annual volumes. Also, all the data were sent to the responsible observatories for confirmation or correction. Any apparent discontinuities in the run of values were investigated and, as far as possible, explained.
As well as means for whole years, the list contains a few means for periods of less than a year where an observatory started or finished operating other than at the end of a year, or where the records for a year were incomplete. The data for the analysis were, wherever possible, the means of five annual values centred on the required epoch (1942.5, 1947.5, 1952.5, 1957.5 and 1962.5) . Where the first or last of the annual values for the five years were missing, then the means of three years, centred on the required epoch, were taken. If the first two, or last two values for the five years were missing then the mean annual value for the year of the required epoch was taken (except for Jassy, where the 1957 values stand out). If the central value was missing, then the mean of the remaining values was taken, weighted if
FIG. 1. Observatories used in the analysis.
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FIG. 2. Observatories used in the analysis (Europe).
necessary so that the mean epoch was equal to the epoch required. In cases where the first three or last three values were missing, the value nearest to the required epoch was corrected to that epoch using a value for secular variation deduced from the other annual mean values for that observatory; in no case was reference made to secular variation from any other source.
In order to keep the data from any one observatory as homogeneous as possible, discontinuities introduced by a change of standard or of site were removed. Where a change of site occurred, all the data were corrected to the site with the longest run of data.
So that the analyses for each epoch should be strictly comparable it was important that the same set of observatories should be used for each analysis. There were 62 observatories for which X , Y and Z data were available and one observatory (Yakutsk) for which X and Y data were available for all five epochs. To increase this number and improve the geographical distribution of data it was necessary to estimate missing values. This was done only for observatories where there were four epochs for which a value of the required element existed. A smooth curve was drawn through the existing values of the element and the value at the required epoch was read off. In this manner the Z data for Yakutsk and X , Y and Z data for a further 17 observatories were available for the analysis, making a total of 80 complete observatories.
The positions of these 80 observatories are shown in Figs 1 and 2. Filled circles indicate observatories for which the data are complete, open circles indicate observatories where the values for one epoch have been estimated. The abbreviations used are those in IAGA Bulletin No. 20 except for four observatories which do not appear in this bulletin. These observatories and their abbreviations are Helwan, HE; Abinger, AB; Cheltenham, CH and Jassy, JA. As with most geomagnetic work, the distribution leaves much to be desired, having a dense coverage over Europe and a very sparse coverage in the southern hemisphere.
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The five year means are listed in Table 1 , with the observatories in order of colatitude. Estimated values are in italics 3. The analysis of purely internal origin so that it could be represented by
The geomagnetic potential, V , was assumed to satisfy Laplace's equation and to be k n n + 1 V = R C C (g," cos ml + h, " sin ml) (+) P,,"'(cos 8)
where grim, hnm are spherical harmonic coefficients. 8, 1 and r are spherical co-ordinates measured respectively from the north geographical pole, the Greenwich meridian (east positive) and the centre of the Earth.
R is the radius of a reference sphere chosen to be equal to the mean radius of the Earth (6371-2km). For all the observatories r was taken to be equal to R.
P,"l(cos 8) are the associated Legendre polynomials in the Schmidt quasinormalized form.
The order of the analysis, k, was chosen to be 6 . This value implies 48 spherical harmonic coefficients, which is a reasonable number to deduce from data from 80 positions. Also it has been shown that, at least for the main field, a very good fit to the data is obtained with a sixth order analysis, which is not greatly improved upon even by a ninth order analysis using twice the number of coefficients (Malin & Pocock 1969) . A possible explanation for this is that the first six orders represent most of the deep seated part of the field, while the higher orders are more representative of shallow anomalies, which are not fitted so efficiently with a centred function. It is the deep seated part of the field which is required, since this is thought to be the source of secular variation. Each observed element at each observatory gave an equation of condition in the 48 spherical harmonic coefficients, making a total of 240 equations for each epoch. From these equations values of g," and h, " were derived by the method of least squares.
Since the same set of observatories was used throughout, the coefficients of gnm and h, " in the equations of conditions were the same for each epoch, so the normal equations matrix remained the same. Thus it was only necessary to invert one matrix. Further, since the equations were linear in g," and h,", differencing successive epochs of g," and h p yielded the same values for secular variation coefficients, 4." and h;, as would an analysis of differences between successive epochs of X , Y and Z at the observatories.
Standard deviations of the coefficients were deduced from S , the sum of the squares of the residuals from the initial data and W,", the weights of the unknowns as indicated by the coefficients of the leading diagonal of the inverse of the normal equation matrix:
The denominator is equal to the number of equations of condition minus the number of unknowns.) Thus five sets of main field coefficients, four sets of secular variation coefficients and the associated standard deviations were derived (Tables 2 and 3 5.2 1.0 -11.7 0.9 2.4 1.2 3.4 0.9 3.0 1.1 -3.1 1.1 -8.0 1.1 0.3 1.0 3.7 0.8 -1.4 1.0 -3.5 0.8 0.5 1.0 2.6 0.9 3.8 0.8 2.7 1.0 -5.3 1.0 3.4 1.0 2.8 0.8 3.5 0.8 3.9 0.7 -1.0 0.8 -0.1 0.9 -3.7 0.8 -1.1 0.8 0.0 0.8 1.5 1.0 -1.5
1.0 -1.6 0.6 -0.7 0.6 -1.5 0.6 -0.8 0.6 0.8 0.6 -0.9 0.6 2.9 0.5 0.9 0.7 -0.7 0.7 -1.9 0.6 0-2 0.6 0.5 0. 1.9 1.1 1.7 1.0 3.7 0.9 -0.7 1.2 -6.4 1.2 3.1 1.1 2.7 0.9 3.4 0.9 4.7 0.8 -0.2 0.9 -0.9 1.1 -3.6 0.9 -1.6 0.9 1.6 0.9 1.6 1.1 -1.7 1.1 -1.6 0.7 0.1 0.7 -0.9 0.6 -1.2 0.6 0.9 0.7 1.5 0. merit is claimed for the main field coefficients, although Foug&re (1965) has shown that a reasonably good model can be derived from annual mean values of X , Y and 2 from about 80 observatories. However, the secular variation coefficients and, more particularly, variations of the secular variation coefficients with time, should be well determined.
Secular variation
Charts of mean secular variation of X , Y and Z for the interval 1942.5 to 1962.5 deduced from the coefficients in Table 3 It is of interest to compare these charts with the following four sets of charts, which are also based on observatory annual mean data: The Y chart (Fig. 4) shows four main foci, two positive and two negative, which divide the world into four segments of longitude of alternate sign. The negative foci are centred in South America (-60 y yr-').and the South Indian Ocean (-90 y yr-'). One of the positive foci is elongated along the Greenwich meridian (58 y yr-') and the other is connected with the singular point at the geographical South Pole, where it attains a value of 72 y yr-' in the direction 190" E. All of the other authors show a similar pattern, but there are differences in detail. (iii) and (iv) agree with the present value for the Greenwich meridian focus, but (iii) places it further west in central Africa. (i) and (ii) show a larger rate of change (70yyr-'), but differ from each other by 40" in the latitude of the maximum. There is some divergence of opinion over the South Indian Ocean focus, probably because of the shortage of data in this region. Estimates of its centre vary between 50" S and 80" S, 35" E and 70" E, which bracket the present estimate; however, the other sources all have a lower intensity with (iii) and (iv) both around -55 y yr-'. There is some confusion over the maximum at the south polar discontinuity. (i) shows a value of S o y yr-' at 190" E, but this is The secular variation in 2 (Fig. 5 ) is more extreme than in X and Y, with deeper foci and steeper gradients. There are three foci where the rate of change exceeds lo0 y yr-'; one positive in the Antarctic (80" S, 285" E, 153 y yr-') and two negative, the first in the central Atlantic (lo" N, 320" E, -1557 yr-') and the second in the South Indian Ocean (50" S, 90" E, -113 y yr-'). Over most of Europe, Asia and the Artic the value is small and positive, with a 60 y yr-' focus in East Turkey. (i) and (ii) are in good agreement with this picture, although (i) has a rather shallower Indian Ocean focus (-70yyr-') and ( 134, 1967) show that the Syowa Z values are rather erratic, but have a mean value of 106yyr-'; they also confirm that no observatory shows a value greater than 140yyr-'. The other three foci are also shown by (iii), but with slightly lower amplitudes. (iv) shows considerable differences. No European focus is shown, the Indian Ocean focus is moved north-east to 15" S, 97" E, a new focus appears in the central Pacific (O", 220" E, -65 y yr-') and the Antarctic focus divides into two (60" S, 240" E, 175 y yr-'; 50" S, 32" E, 150 y yr-'). In addition to the sources already mentioned, there is a Z chart prepared by the United States Coast and Geodetic Survey for the epoch 1965. The data used for this chart included observatory annual means, repeat station values and observations from successive surveys. The Atlantic focus is shown to the north-west of the present determination and considerably deeper (21" N, 313" E, -205 y yr-'), the Indian Ocean and European foci are in quite good agreement with the present estimates, but, as in the case of (iv), the Antarctic focus is divided into two (70" S, 230" E, 165yyr-l; 55" S, 4YE, 102yyr-').
For those estimates of secular variation which are products of, or have been subjected to spherical harmonic analysis, their differences may be discussed in terms of the departures of their spherical harmonic coefficients from those obtained in the present analysis. For this comparison (i), (ii), (iv), cited above, plus (v) Adam, Benkova, Orlov, Osipov & Tiurmina (1963) for the interval 1954 to 1959 and (vi) Cain (1966) ' for the epoch 1960, were considered. The analysis of Cain differs slightly from the others in that the results are much more dependent on survey data than on observatory data and allowance was made for the oblateness of the Earth. The departures of coefficients of the above models from the present values are shown in Table 4 , up to m = n = 4. There appears to be an uncertainty of about 23 y yr-' in the determination of the coefficients which masks any systematic changes with time. Only two coefficients show a monotonic change with time, g I o which is increasing and g20 which is becoming more negative. The coefficients of Cain, derived mainly from survey data, do not stand out from those from the other analyses, which depend on observatory data. Table 4 Departures of various secular variation models from the present model 
The centred dipole
Most of the main field can be represented by the first three spherical harmonic coefficients which are equivalent to a magnetic dipole at the centre of the Earth. 
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Results from the present analysis and from a number of other analyses with epochs from 1942 to 1965 are given in Table 5 and Fig. 6 . The collection of models is not complete, but is thought to include all those where the data reduction and the analysis were carried out by the same authority.
The dipole moment was decreasing at about 11 y yr-' between 1942.5 and 1962.5, with an increasing rate of decrease. This trend is not apparent from the other main field analyses because of the scatter; however, those models which included secular variation coefficients show a similar rate of change. For reasons already given, the analysis of Cain (1966) may not be strictly comparable with the others. In an investigation using analyses back to 1829, Vestine (1962) has shown that the moment has been decreasing at a rather steady 15yyr-' for the past century and a half. The present analysis suggests that shorter term variations are superimposed on this steady decrease. Changes in the dipole moment have been discussed more fully by Leaton & Malin (1967) .
The direction of the dipole axis is remarkably constant in latitude and shows a small but steady westward drift of 0.089 0.01 1 deg yr-'. The other analyses tend to confirm this, although, by comparison, the latitude deduced from the coefficients of Vestine (1947) is rather low. Table 5 .
The eccentric dipole
The next approximation to the main field is a magnetic dipole displaced from the centre of the Earth to the magnetic centre, C. This dipole has the same moment and direction as the centred dipole. Spherical harmonic coefficients up to n = 2 are required to define the eccentric dipole.
The position of the magnetic centre may be expressed in rectangular Cartesian co-ordinates as (xo, yo, zo) where xo is the north displacement, yo is the displacement in the direction of longitude 0" and zo is the displacement in the direction of longitude 90"E, all measured from the centre of the Earth. Equations for xo, yo and zo in terms of spherical harmonic coefficients have been derived by Schmidt (1934) . The displacement vector may also be expressed in spherical polar co-ordinates (ro, do, A,) where ro = (Xo2+y,2+z,2)+ 8, = tan-'{(yo2 +zo2)+/xo} lo = tan-'(zo/yo). Results for the present analysis and for the analyses considered in the previous section are given in Table 6 and Fig. 7 . The present analysis shows that the eccentric dipole is displaced about 400 km from the centre of the Earth towards a point about 10" east of the Marianas Islands. It is moving fairly steadily towards Lanchow, China, at about 3 km yr-'. There is a suggestion that the magnitude of the annual change in zo and A, is decreasing, but all of the other parameters show an extremely steady progression with time. The westward drift of the displacement vector is 0.29 k0.05 deg yr-', the northward drift is 0.21 5 0.01 deg yr-I and the radial velocity is 2.15+0*05 kmyr-'.
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Because of the rather large scatter amongst the other analyses, they do little more than add general support to the above conclusions. 
Multiples
An alternative representation may be obtained by considering the geomagnetic field to consist of a series of multipoles at the centre of the Earth. The spherical harmonic coefficients for n = 1 represent a dipole (discussed earlier), for n = 2 a quadrupole (a closely adjacent pair of dipoles with equal and opposite moments), for n = 3 an octupole and so on. Such multipoles give a new outlook on the problem of secular variation. Multipole parameters from the present analysis are presented and discussed elsewhere (Winch & Malin 1968).
Westward drift
The westward drift of the geomagnetic field relative to the surface of the Earth was first noted by Halley (1693) who studied the time changes of declination at a number of sites. He concluded that these were caused by a part of the field which was fixed in a solid core rotating more slowly than the surface of the Earth.
More recently westward drift has been the subject of an extensive investigation by Yukatake (1962) . For the present analysis the method he described in his Section 2-1 would appear to be the most appropriate. The variation of V around a circle of latitude may be expressed in terms of Fourier coefficients, G, and H,,, Then the westerly drift, d,, of the mth harmonic at the chosen latitude is given by the annual decrease in &,.
Since the centred dipole field appears to drift more slowly than the non-dipole field, it is of interest to consider the two parts separately. The dipole part may be removed by assuming the first three spherical harmonic coefficients to be zero. Only 41 is affected, and the non-dipole part is denoted 41'. Values of d,,, and dl' are tabulated for rn = 1 to 3 at 20" intervals of latitude for each of the four five-year intervals between main field analyses and also the mean values for the interval 1942.5 to 1962.5 (Table 7) .
Yukatake deduced values of 4, and (fl' from the slopes of straight lines drawn through the values of 4, from analyses for nine epochs from 1829 to 1955. All of these analyses were based on grid point values read from charts produced from survey data. Eight different authorities produced the nine analyses, and there was a fairly large scatter about the straight lines. Thus it is remarkable that the mean results from the present analysis which was for a different interval and was based on observatory data should agree so well with the results of Yukatake (Fig, 8) . This agreement gives added confidence both to Yukatake's analysis and to the present analysis, as well as confirming that many of the smaller scale features which might have been thought to be spurious, are in fact, real.
The westward drift also shows a number of shorter-lived features (Fig. 9 ) to which credence is given by the steady change from epoch to epoch. The most notable of these is the peak in d2 at 40" S which passed through a maximum near 1950. The latitudinal variations in dl' are smoothing out and the northerly part of the dl curve changed to a small easterly drift near 1958. In view of the variation of westward drift with latitude and between different values of rn, it is clear that a non-dipole field rotating steadily with respect to the Earth's surface is too simple a model. However, an appreciable part of the secular variation field can be represented in this way and it is of interest to calculate a mean value for westward drift. Most of the extreme values of 4, occur when A , is small, therefore, in calculating the mean, the values of $, , , were weighted according to A,.
These weighted means up to m = 3 are included in Table 7 . The mean value for westward drift for the non-dipole field up to m = 6 is W.25 per year. present analysis using the weights of Richmond, are shown in Table 8 . The Hendricks & Cain secular variation coefficients are those required to make successive surveys compatible and do not depend very strongly on observatory data. This is probably the reason for the differences between the two sets of results.
Since dz is by far the largest of the multipole drifts it is clear that the value of D will depend very greatly on the weight given to dZ. At the core-mantle boundary the higher multipoles are given much greater weight than d2, so the deduced values of D are much lower than at the surface. Leaton (1962) compared secular change and main field charts for the epoch 1955. Althoughc the charts used in these investigations were smoothed, it is likely that they contained some local anomalies with wavelengths too small to be represented by a sixth order analysis. Short wavelength anomalies originate near to the surface, and would not be expected to share in the westward drift. Thus values deduced by these methods will probably be less than the rate of drift of the core sources since a proportion of non-drifting sources are included. For this reason values obtained by these methods are likely to be lower than values obtained from sixth order spherical harmonic coefficients.
Surface motions of the Earth's core
Although much of the observed secular variation can be accounted for by a westward drift of the core relative to the crust, it is clear that a more complex motion is required to explain the variations of drift in various parts of the world. Kahle et al. (1967a) have derived a method for deducing the motion of the surface of the core from the vertical components of the main field and secular variation, making the assumptions that, at the surface of the core, transverse movements of the magnetic field are associated with identical movements of the core, that the core material is incompressible and that equation (1) is valid throughout the region between the crust and the core. They separate the surface flow into an irrotational part derivable from a potential J/ given in surface harmonics by J/ = a C C (a," cos m3, t-Bf sin mA) P,"(cos 0)
where a is the radius of the core, and a rotational part for which the stream function x is given by n m = C C (A," cos mil + I?," sin m3,) P,"(cos 0).
n m
The A, ' terms describe the rotation about the geographical axis, which is equivalent to westward drift. The surface velocity v may be deduced from these functions using the relation v = -V T $ + a x V x where the subscript T denotes the tangential (horizontal) component of the gradient, and a is equal to a times the unit vector in the radial direction. Kahle et al. (1967a) applied this method to the 1955 main field model of Vestine et al. (1963) and the secular variation for the interval 1912 to 1955 (Vestine et al. 1947; Nagata & Syono 1961) . The first six orders of the main field and secular variation were used, extrapolated down to a hypothetical core of radius 4000 km. This radius was chosen to avoid excessive amplification of the higher order coefficients. Spherical harmonic coefficients of the potential and rotational parts of the flow were evaluated up to m = n = 4. Kahle et al. (1967b) have also applied the method to sets of coefficients for the main field and secular variation from various sources for epoch 1885, 1912, 1933 and 1960 . Main field coefficients up to m = n = 6 and secular variation coefficients up to rn = n = 4 were used. The core radius was assumed to be 3471 km. Although there is considerable variation between epochs in the flow pattern obtained from these analyses, they all show a strong positive focus in $ just south of Africa. Since the potential part of the fluid motion is perpendicular to the isolines of $, a positive focus indicates a source, which may be interpreted as a region of upflow. There is also a suggestion of a weaker downflow in the vicinity of the North Pacific. In all cases the westward drift is large in southern latitudes and small, or even negative, in northern latitudes. In the case of the rotational part, flow is parallel to the stream lines, clockwise for positive values. The rotational flow, after removal of the westward drift, shows four persistent rotating cells, two clockwise and two anticlockwise. The magnitude of the rotational part of the motion is greater than the magnitude of the potential part.
Table 9
Spherical harmonic coeficients of velocity jield in km yr The data from the present analysis have been subjected to a similar analysis for fluid motions. In this case, the core radius was taken to be 3471 km and all six orders of secular variation (Table 3) were used. The main field coefficients for 1952.5 (Table 2) were used for all four epochs. Spherical harmonic coefficients up to m = n = 4 for the fluid motions are presented in Table 9 . The changes from epoch to epoch are much more erratic for the fluid motion coefficients than for the original secular variation coefficients. This is probably because of the amplification of the higher order secular variation coefficients and their associated errors, because of extrapolation down to the core surface. The relatively poorly determined sixth order coefficients are multiplied by a factor of (R/@ = 129. However, it is interesting to note that it is the lower order coefficients for the fluid motions which are the most erratic. Fig. 10 shows contours of equal $ at the surface of the core synthesised from these coefficients. The four epochs all show similar patterns, with two regions of upflow, Downloaded from https://academic.oup.com/gji/article-abstract/17/4/415/575674 by guest on 12 December 2018 one in Antarctica and one in the Eastern Pacific, and one region of downflow centred on the Mediterranian. However they bear very little relation to the comparable figures of Kahle et al. (1967a, 1967b) .
The stream lines of the rotating part minus the westward drift are shown in Fig. 1 1. The four epochs are self consistent, and have some features in common with the comparable figures of Kahle et al. (1967a, 1967b) anticlockwise cell over Central America whereas Kahle et a!. place it over the central Pacific.
Westward drift (Fig. 12) is fairly well-behaved, with small or eastward drift in northern latitudes and a large westward drift in the south. The mean value for the westward drift is 0.96 deg yr-'; however, this method is not particularly reliable for the determination of westward drift, since motion parallel to the isolines of Z, which tend to run east-west, would not affect secular variation and would not be detected.
Secular acceleration
From a study of the spherical harmonic coefficients of secular variation in Table 3 and from the behaviour of the eccentric dipole it is clear that the secular variation field is changing fairly steadily with time. For this reason it is possible to represent most of the changes with time as a steady secular acceleration. It should be pointed out, however, that the secular change pattern has been suspected of varying erratically in the past, and the use of the secular acceleration for extrapolation outside the interval 1940-65 should be treated with caution.
The four determinations of secular change are considered to be independent. This assumption would be strictly true only if the data in Table 1 were completely free from error. Spherical harmonic coefficients for secular acceleration may then be derived from the relations 8," = O.02 (-38,",9,5-8,",9,0+8,"1955f38~960) 7 Yr-', yr This is equivalent to fitting a straight line through the four secular variation coefficients by the method of least squares. For reasons discussed earlier, secular acceleration coefficients derived in this way are the same as would be derived from an analysis of secular acceleration for each observatory. The standard deviations are deduced from the secular variation residuals in a similar way.
Table 10
Spherical harmonic coeficients of the secular acceleration field 1942.5-1962.5 (Y y r -9 g , h n m 0.70+0.11 The X chart suggests that the two Atlantic secular change foci in X are deepening and moving to the west, and the region of positive change in south Asia and the Indian Ocean is rapidly decreasing. The Antarctic focus is fairly steady, but a negative focus may build up in the South Pacific. The Y chart suggests that the South American focus of secular change in Y is getting deeper, but becoming more localized and that the South Indian Ocean focus is moving further south. The Greenwich meridian focus remains at the same depth, but is spreading towards the east, while the value at the South Pole remains steady.
As in the case of secular change, Z shows deeper foci and steeper gradients than the other elements. The secular change focus in the Atlantic is deepening and moving north-west, while the other negative focus in the Indian Ocean is losing its northerly lobe, decreasing in amplitude and moving south-west. There is little activity over the Antarctic, but a slight suggestion that the Antarctic focus is dividing into two, as is shown on the British and American world charts of secular change for 1965. The small European focus is decreasing and moving north-west.
